Procalcitonin (PCT) and presepsin (PSEP) are useful biomarkers for diagnosing sepsis; however, elevated PCT and PSEP levels may be observed in conditions other than sepsis. We hypothesised that PCT and PSEP levels could increase after severe traumatic injuries. Trauma patients with an Injury Severity Score of ≥16 from October 2013 to September 2015 were enrolled in our study. We examined PCT and PSEP levels and their positive rates on days 0 and 1. PCT and PSEP levels on days 0 and 1 were compared. Risk factors for increasing sepsis biomarker levels were identified by multivariate logistic regression analyses. In this study, 75 patients were included. PCT levels on days 0 and 1 were 0.1±0.4 and 1.8±6.3 ng/ml, respectively (P=0.02). PSEP levels on days 0 and 1 were 221±261 and 222±207 pg/ml, respectively (P=0.98). As per multivariate logistic regression analyses, packed red blood cell (PRBC) transfusion was the only independent risk factor for higher PCT levels on day 1 (P=0.04). Using PCT to diagnose sepsis in trauma patients on day 1 requires caution. PRBC transfusion was found to be a risk factor for increasing PCT levels. On the other hand, PSEP levels were not affected by trauma during the early phases.
Sepsis develops occasionally in trauma patients, and 10% of trauma deaths are due to sepsis 1 . Therefore, early diagnosis and treatment of sepsis are associated with improved outcome and reduced mortality in trauma patients 2 . Culturing microbes can be time-consuming and can have a low positive rate. Therefore, sepsis biomarkers that can be used in trauma patients are required. Procalcitonin (PCT) and presepsin (PSEP) are superior to C-reactive protein (CRP) and interleukin-6 in diagnosing sepsis [3] [4] [5] .
PCT was first reported in 1992 as a marker for diagnosing sepsis 6 . PCT, produced by C-cells of the thyroid gland, comprises 116 amino acids and is a peptide precursor of the hormone calcitonin 7 . PCT levels are elevated during systemic infection, which helps in differentiating infection from other inflammatory conditions 8 . In particular, PCT is used as a marker for diagnosing specific bacterial, fungal and parasitic infections. In addition, PCT is widely used for evaluating the severity of sepsis 9 and the efficacy of antibacterial agents 10, 11 .
The usefulness of PSEP as a new biomarker for diagnosing sepsis has been recently reported 3 . PSEP, a 13-kDa protein, is a fragment of CD14 with a truncated N-terminal, which is the receptor for lipopolysaccharide (LPS)/LPS-binding protein complexes. PSEP levels have been correlated with PCT levels and Sequential Organ Failure Assessment scores 12 .
Elevated PCT and PSEP levels may also be observed in conditions other than sepsis [13] [14] [15] . Understanding the limitations of each sepsis biomarker is pivotal in choosing the right test for each patient at the right time and in interpreting the results appropriately. We hypothesised that PCT and PSEP levels are elevated after severe traumatic injuries. In this study, we aimed to examine the levels of PCT and PSEP in patients in the early phase of trauma.
Methods

Patient selection
In this single-centre retrospective study, trauma patients with Injury Severity Scores (ISS) of ≥16 and admitted from October 2013 to September 2015 were enrolled. The exclusion criteria were patients aged <18 years, those with burns, those who died within 24 hours of admission, those with missing data and those who were transferred. This study was approved by the ethical committee of Fukuoka University Hospital (17-1-01) according to the Declaration of Helsinki.
Sepsis biomarker levels on days 0 and 1
We examined PCT and PSEP levels and their positive rates on days 0 and 1. In addition, PCT and PSEP levels between days 0 and 1 were compared. PCT levels of ≥0.5 ng/ml 16 and PSEP levels of ≥500 pg/ml were defined as values above normal and suggestive of a diagnosis of infection.
Association between the severity of trauma and sepsis biomarkers
Correlations of ISS with PCT and PSEP levels were examined to evaluate the association between the severity of trauma and sepsis biomarker levels.
Identification of risk factors for elevated sepsis biomarker levels
Risk factors for elevated sepsis biomarker levels associated with patient status on admission and treatment agents within 24 hours after admission were identified by multivariate logistic regression analyses. Analyses of the area under the curve (AUC) values or the receiver operating characteristic curves were performed to determine the significance of the risk factor.
Measurements
Blood samples on day 0, in which the sepsis biomarkers could be measured, were routinely collected on admission to the ICU. PCT levels were measured using the Elecsys BRAHMS PCT assay (Roche Diagnostics, Tokyo, Japan). PSEP levels were measured using a compact automated immunoanalyser, PATHFAST ® , based on a chemiluminescent enzyme immunoassay (Mitsubishi Chemical Medicine, Tokyo, Japan).
Statistical analysis
Continuous variables are presented as mean ± standard deviation. Between-group comparisons were performed using the chi-square test for dichotomous variables and the paired t-test for continuous variables. Correlations were evaluated using Spearman's rank test. The Youden index was used to identify the cut-off value. All statistical analyses were performed using JMP version 12. P values of <0.05 were considered to be statistically significant.
Results
Patient selection
Of the 180 consecutively admitted patients assessed in this study, 105 were excluded based on the exclusion criteria (39 patients were aged <18 years, two patients had burns, 10 patients died within 24 hours of admission, 20 patients had missing data and 34 patients were transferred). Finally, 75 patients were included in this study. Patient characteristics are shown in Table 1 . The mean age of the patients was 52±21 years. The percentages of males and those with blunt injuries were 72% (54/75) and 96% (72/75), respectively. The mean ISS was 26±10. Interventional radiology was performed in 12% (9/75) of the patients, and surgery was performed in 39% (29/75) of the patients within 24 hours after admission.
Sepsis biomarker levels on days 0 and 1
PCT levels on days 0 and 1 were 0.1±0.4 and 1.8±6.3 ng/ml, respectively. The PCT level on day 1 was significantly higher than that on day 0 (P=0.02). PSEP levels on days 0 and 1 were 221±261 and 222±207 pg/ml, respectively. There was no significant difference between PSEP levels on days 0 and 1 ( Table 2 ).
Association between the severity of trauma and sepsis biomarkers
A positive correlation was observed between the ISS and the PCT level on day 1 [r = 0.30 (0.08 to 0.49), P=0.009]. There were no significant correlations between the ISS and the PCT level on day 0 or between the ISS and PSEP levels on days 0 and 1 (Figure 1 on next page).
Identification of risk factors for elevated sepsis biomarker levels
We examined the risk factors for elevated PCT levels on day 1. On day 1, we classified the patients into those with PCT <0.5 ng/ml (lower PCT group, n=43) and those with PCT ≥0.5 ng/ml (higher PCT group, n=32). Next, patient characteristics between patients in the lower and higher PCT groups were Data are presented as mean ± standard deviation or number (percentage). GCS, Glasgow Coma Scale; SBP, systolic blood pressure; RR, respiratory rate; HR, heart rate; BT, body temperature; ISS, Injury Severity Score; PRBC, packed red blood cells; FFP, fresh frozen plasma; PLT, platelet concentrates; IVR, interventional radiology; /24 h, in first twenty-four hours from admission. Table 2 Comparison of procalcitonin and presepsin levels between days 0 and 1 compared. Respiratory rate (P=0.03), heart rate (P=0.002), units of PRBC (P <0.001), units of fresh frozen plasma (P <0.001) and units of platelet concentrates within 24 hours after admission (P=0.03) were significantly higher in patients in the higher PCT group than in those in the lower PCT group (Table 3 ). Those items that were significantly different between the higher and lower PCT groups, and ISS, were designated as explanatory variables. The presence of higher PCT levels on day 1 was designated as the response variable. According to multivariate logistic regression analyses, PRBC transfusion was the only independent risk factor found for patients in with higher PCT levels on day 1 (P=0.04; Table 4 ). AUC of PRBC was 0.80, and the optimal cut-off value of PRBC was four units within 24 hours, with a sensitivity and specificity of 72% and 84%, respectively (Figure 2 ).
Discussion
The mean PCT level on day 0 was 0.1±0.4 ng/ml; however, on day 1, the level increased to 1.8±6.3 ng/ml (P=0.02). In addition, there was a positive correlation between the ISS and PCT levels on day 1 (P=0.009); therefore, the higher the ISS the patients have, the more careful we should be in interpreting their PCT levels. Elevated PCT results are observed in patients with trauma, shock, postcardiopulmonary arrest, pancreatitis, burns, heat stroke, surgery, and thyroid cancer [17] [18] [19] . PCT levels in the blood increase approximately three to six hours after the induction of stress, with or without infection 20, 21 , and this could explain the elevation in PCT levels only on day 1 but not day 0 after major trauma. PCT levels can be elevated up to 24 hours after injury in trauma patients and decreases thereafter 22 , and as such, clinicians should interpret elevated PCT levels in the early phase of trauma (e.g. on day 1) carefully. Some studies have reported PCT levels in trauma patients previously 23, 24 . Maier et al 23 examined 38 severe trauma patients and reported that elevated PCT levels were related to abdominal injury. Sauerland et al 24 examined 98 trauma patients and reported that elevated PCT levels were related to injuries of the abdomen and extremities. In this study, PRBC transfusion was the only independent risk factor for elevated PCT levels. Previous studies 23, 24 did not specifically study PRBC transfusion; therefore, injuries of the abdomen and extremities may have included PRBC transfusion. PRBC is filtered to remove most of the leukocytes and irradiation destroys all living leukocytes. In addition, overall bacterial contamination occurred in only one (0.003%) of 31,385 cases that underwent transfusions of PRBC 25 . Therefore, PCT levels were not considered to have been elevated by the PRBC transfusion itself. The mechanism by which PRBC transfusion causes elevation in PCT levels remains unknown. Massive bleeding requiring PRBC transfusion may cause elevations in PCT levels; however, we were unable to prove that in this study.
Castelli et al 26 reported that PCT was a more useful biomarker than CRP in detecting sepsis in trauma patients. In addition, Ciriello et al 27 suggested that PCT was a useful biomarker for diagnosing sepsis in trauma patients; however, further studies are desirable to identify ideal sepsis biomarkers. PCT levels were high in the early phase of trauma in this study; therefore, using PCT to diagnose sepsis in trauma patients requires caution. An ideal sepsis biomarker, not affected by trauma, for diagnosing sepsis in trauma patients is needed.
Endo et al 3 and Yaegashi et al 12 reported that compared with other markers including PCT, PSEP was the most useful biomarker for diagnosing sepsis. In this study, the percentage of cases positive for PSEP (with a cut-off value of ≥500 pg/ ml) on days 0 and 1 was less than 10%; therefore, PSEP levels were not affected by trauma to a greater extent than PCT levels. The usefulness of PSEP in trauma patients has not been previously reported and was as yet unknown. PSEP has the ability to diagnose sepsis and is not affected by trauma; therefore, there is a possibility that PSEP is an ideal sepsis biomarker in trauma patients. This study revealed changes in PCT and PSEP levels in the early phase of severe trauma. Misdiagnosing sepsis should be avoided and using PSEP to a greater extent than PCT may be useful for diagnosing sepsis and for assessing the severity of sepsis by appropriately interpreting the results obtained for sepsis biomarkers.
The present study has some limitations. This was a retrospective, single-centre study. Additionally, enrolled patients may have included patients with occult undiagnosed sepsis.
Conclusions
Using PCT alone to diagnose sepsis in trauma patients on day 1 requires caution. PRBC transfusion was an independent risk factor for elevated PCT levels on day 1. On the other hand, PSEP levels are not affected by trauma and may be an ideal sepsis biomarker in trauma patients.
